A comparison of the response of varying classes of growing beef cattle to protein supplementation was conducted on Northern Great Plains rangeland during the summer and early fall. Response was evaluated in 2 experiments, conducted in 1988 and 1989, by measuring organic matter intake and hody weight gain in 13-month-old (spring-horn steers) and 'I-month-old steers (fall-born steers), which received either a 26% crude protein supplement or no supplement. Weight gain was also monitored in 7-month old heifers (fall-born heifers). In experiment 1, springhorn steers were fed 1.28 kg and fall-born steers and heifers 1.64 kg of protein supplement every other day. During experiment 2, spring-horn steers were fed supplement at a rate of 1 kg and fallborn steers and heifers at 1.8 kg every other day. Intake of forage organic matter for steers was not affected (p > 0.10) by supplementation in either experiment. In experiment 1, total organic matter intake tended to he increased by protein supplementation in June but not in August (date x supplementation level interaction, P = 0.08). Forage organic matter digestibility was greater (P < 0.01) in June than in August during experiment 1 and in August than September in experiment 2. In experiment 1, this difference was greater for fall-born steers than spring-born steers. In experiment 1, supplementation increased (P < 0.01) average daily gain of cattle from 0.63 to 0.78 kg/day. In experiment 2, daily gain of cattle was increased (P < 0.01) from 0.62 to 0.82 kg/day with protein supplementation. Also, in experiment 2, cattle receiving supplement were 18 kg heavier (P < 0.05) at the end of the grazing season than unsupplemented controls. Protein supplementation increased weight gains of growing cattle in the late summer in the Northern Great Plains. The advantage was most consistent for fall-born steers with higher relative protein requirements.
. Unsupplemented steers grazing native range in late August and early September have been shown to cease gaining or even to lose weight (Currie et al. 1989) . Protein supplementation may alleviate this depression in weight gain by supplying a limiting nutrient. In addition, protein supplementation may improve nutrient intake and utilization through an increase in forage intake and digestibility (Caton et al 1988; DelCurto 1990a,b; Sanson et al. 1990) . However, the effect of protein supplementation on forage intake is not consistent (Kartchner 1980) . Protein requirements for growth differ by sex and body weight (NRC 1984) . As cattle grow, protein requirements, per unit of body weight and per unit of gain, decrease. In addition, heifers require less protein at high rates of gain than steers. Due to differences in requirements and growth rates, response to supplemental protein may vary with age and sex of grazing cattle. The objectives of this study were to evaluate the effects of protein supplementation on intake and weight gain of cattle in different stages of growth, grazing Northern Great Plains rangelands.
Materials and Methods
Experiments were conducted in a single 176 ha pasture of native range at the Fort Keogh Livestock and Range Research Laboratory, Miles City, Mont. (46" 22' N 105" 5' W) . Dominant forages were western wheatgrass (Puscopyrum smith& [Rydb.] Trin. and Rupr.) . Precipitation was 134 mm in 1988 and 383 mm in 1989 compared to a 92-year average of 338 mm (Fig. 1) .
In the first study (1988) . the pasture was stocked with twenty-four 13-month-old steers (spring-born steers), eleven 7-month-old fallborn steers and 13 fall-born heifers. Protein supplementation was provided to 13 spring-born steers and 12 fall-born calves (6 steers, 6 heifers) at rates of 1.28 and 1.64 kg of supplement (335 and 429 g crude protein) every other day, respectively. Supplementation was by group feeding of each animal type. This level of supplement was expected to meet the needs of cattle (NRC 1984) gaining about 0.8 to 1.0 kg/day, assuming a daily dry matter intake of 2% of body weight of a forage containing 6 to 6.5% crude protein (Adams et al. 1987; Ward et al. 1990a) . In study 2 (1989) the same pasture was stocked with 24 spring-born steers (12 control, 12 supplemented), 24 fallborn steers (12 control, 12 supplemented) and 11 fall-born heifers (6 control, 5 supplemented). Spring-born steers were fed 1.0 kg (274 g crude protein) and fall-born calves 1.8 kg (493 g crude protein) of the supplement every other day. Differences in the amount of supplement fed in the 2 years were because of different initial weights of cattle. Cattle were group fed by animal type, except during the fecal collection period, when cattle were individually fed. The supplemental protein was provided as a pelleted 50% soybean meal, 25% barley, 25% wheat cake. Chemical composition of the supplement is shown in Table 1 . Animals were allowed access to minerals and water at all times.
Preweaning weight gains of fall-born calves were 0.76 kg/day in 1988 and 0.62 kg/day in 1989. Winter weight gain of spring-born cattle in 1989 averaged 0.77 kg/day. One-half of the spring-born cattle used in 1987 were purchased prior to the study and previous winter weight gain was unknown for these animals.
Forage intakes were estimated for steers only. In experiment 1, 10 fall-and 10 spring-born steers were fitted with fecal collection bags during S-day periods in June (20 -24 June) and . Fecal bags were emptied each morning and a subsample collected and dried at 600 C. A 5-day composite was then made using 0.1% of the daily fecal dry matter. Forage organic matter indigestibility was estimated by marker ratio techniques using indigestible neutral detergent fiber (Cochran et al. 1986 ). In experiment 2, 24 steers were given a sustained release bolus containing chromic sesquioxide' with a daily Cr release rate of 1123 mg. Rectal grab samples of feces were collected once daily over two 5-day periods (31 July -4 August, 11 -15 September), dried at m C, and cornposited on an equal dry weight basis for each animal. Fecal samples from both experiments were ground to pass a l-mm screen in a Wiley mill and analyzed for dry matter, organic matter (AOAC 1989), and indigestible neutral detergent fiber. Fecal samples from experiment 2 were also analyzed for Cr by atomic absorption spectrophotometry (Williams et al. 1962) . Fecal organic matter output was estimated by dividing Cr released by the sustained release bolus by the concentration of Cr in the feces. Fecal output attributed to supplement was subtracted from total fecal output to estimate fecal output attributed to forage intake. For both experiments, forage organic matter intake was estimated by dividing fecal organic matter output from forage by forage organic matter indigestibility. Estimates of fecal output using the sustained release bolus have been reported to be within 10% of total fecal collections for steers on similar forage (Adams et al. 1991) . Five mature (3-4 years old) steers, fitted with esophageal cannulae, grazed with the other cattle during the week of fecal collections.
'Captec Chrome. Nufm. Auckland, New Zealand Steers were weighed on a non-shrunk basis and average daily gain was calculated as final weight minus initial weight divided by the number of days of the study. Experiment 1 was terminated after 64 days (9 June to 11 August) because of low forage availability associated with low precipitation (Fig. 1) . Experiment 2 was conducted over an 80-day period (30 June to 18 September).
Data were analyzed as 2 separate experiments because sample dates and techniques for intake measurement varied between years. Intake and digestibility data were analyzed using the general linear models procedure of SAS (1989) with a model that included steer age, supplementation level, steer age x supplementation level, steer within age by supplementation level, date, steer age x date, supplementation level x date, and steer age x supplementation level x date. Steer age, supplementation level and the interaction were tested using steer within age by supplementation level (16 df. experiment 1; 20 df, experiment 2) as the error term. Animal growth data were analyzed with a 2 x 3 (supplementation level x animal type) arrangement of treatments. The residual error was used to test effects. When a significant F value was obtained, individual (1 df) orthogonal contrasts were used to test control vs supplemented cattle within animal type (spring-born steer, fall-born steer, and fall-born heifer).
Results and Discussion

Diet Quality
In experiment 1, dietary crude protein concentrations (Table 2) were less than expected for the summer months for this area (Adams and Short 1988) . Low precipitation (Fig. 1) during the year apparently reduced both quality and quantity of forage. In experiment 2, diet quality appeared to be greater than in experiment 1. Based on estimated intakes, about 80% of the NRC (1984) requirement for crude protein of steers was met through forage consumption. Addition of the protein supplement increased crude protein intake to 85% of requirement in experiment 1 and 98% of requirement in experiment 2.
Intake and Digestibility
In experiment 1, intake of forage organic matter (g/kg BW) and forage organic matter digestibility (8) were not affected by supplementation, but total organic matter intake was greater (P < 0.01) in June for steers fed supplement than for non-supplemented controls (Table 3) . Total organic matter intake was not affected by supplementation in August. Organic matter intake (forage and total) was greater (P c 0.01) in August than June (Table 4) . There was an effect of steer age (P < O.Ol), with fall-born steers consuming more organic matter per unit body weight than spring-born steers. Digestibility of forage organic matter was greater (P c 0.01) in June than August, which may be associated with the higher diet quality in June. There was a greater difference in digestibility between June and August for fall-born steers than for spring-born steers (type x date interaction, P < 0.05).
In the second experiment, intakes of forage and total organic matter (g/kg BW) and forage organic matter digestibility for steers were. not affected (P > 0.10) by supplementation. Fall-born steers consumed more (P c 0.01) organic matter on a body weight basis than did spring-born steers and forage digestibility was 1.5% lower (P < 0.05) in fall-born steers (Table 4) . Differences (P c 0.01) were observed between July and September trials for forage and total organic matter intake and organic matter digestibility. Diet digestibility averaged 19.5% less in September than in August. This may be related to the large difference in dietary acid detergent lignin b&e was a significant effect of date in the model (P < 0.01). :There was a significant effect of steer age in the mndel (P < 0.05). Means comparing control and supplemented cattle within age and date differ at P < 0.05. dThcre was a tendency toward an effect of supplementation level (P = 0.06).
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was a tendency toward a date x supplementation level interaction (P = 0.08). of organic matter (OIN) intake (g/kg BW) and digestibiity in steers, Experiments 1 and 2. ere was a significant effect of date in the model (P < 0.01). c.d~ere was a significant effect of steer age in the mod4 at P c 0.05 and P < 0.01, rCSp&Vely. %re was a significant steer age x date interaction (P-c 0.05).
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observed between the 2 intake periods in experiment 2. There was no difference in lignin content between dates in experiment 1 and this may partially explain the smaller differences in organic matter digestibility observed in experiment 1 compared to experiment 2. Goestch et al. (1990 Goestch et al. ( , 1991 has suggested that fall-born calves would have lower capacity than yearlings for consumption of lowquality forages. This was not found to be the case for steers grazing Northern Great Plains rangelands during the summer months. Across both experiments, fall-born steers consumed 39% more forage on a body weight basis than did spring-born steers. Coleman and Evans (1986) found no difference in intake on a metabolic body weight basis between fall-and spring-born calves fed alfalfa pellets. Differences in intake between animals of different age and liveweight may be dependent on forage quality.
Differences in organic matter intake over time varied between years. In experiment 1, steers consumed more forage in the second intake trial than in the first with the opposite occurring in experiment 2. Differences between experiments may be related to the difference in timing of intake studies. In contrast, we previously observed no effect of advancing maturity of eastern Montana native range vegetation on organic matter intake in yearling steers from early May to late October (Adams et al. 1987) .
Intake response to protein supplementation on rangeland has been varied. No response (Krysl et al. 1989) or positive responses have been observed (Caton, et al. 1988; DelCurto 1990a,b; Sanson et al. 1990) . Differences in response have been suggested to be related to forage quality (Caton et al. 1988 ) and environmental conditions (Kartchner, 1980) . Ward et al. (1990b) found no effect of protein supplementation on forage or total organic matter intake by steers grazing southeastern Montana rangeland in winter. In the current study, total organic matter intake was increased due to supplementation in June during experiment 1. indicating that steers were not substituting supplement for forage at this time.
Animal Performance
Average daily gains were increased (RO.01) by protein supplementation in the first experiment. Final weights were increased by supplementation (PcO.01) for fall-born steers but not for spring-born steers or fall-born heifers (Table 5) .
In experiment 2. average daily gain of fall-born steers was again increased (PcO.01) by protein supplementation (Table 5) . Final weights were also increased (P~0.05) by supplementation. Springborn steers and fall-born steers and heifers fed supplement were 18, 20, and 15 kg heavier, respectively, at the end of the grazing period than their nonsupplemented counterparts.
The decreased response of final weight to supplementation observed in the first experiment compared to the second was due to the shorter period that the cattle were fed supplement in experiment 1 (60 days versus 80 days in experiment 2). Although standing crop was not measured, cattle were removed from pastures in August of 1988 due to limited forage during severe drought. The results of this study show that protein supplementation may be beneficial to growing cattle grazing Northern Great Plains rangelands in late summer and fall. The increase in weight gain can occur without an associated increase in forage intake. Response may be limited, however, if forage availability or quality is decreased due to drought. Younger (fall-born) cattle respond to protein supplementation more consistently than do older (previous year's spring-born) cattle. The decision to supplement should be made based upon expected response coupled with economic and management considerations.
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